Renal clearance studies in children (1) (2) (3) (4) (5) (6) and adults (7, 8) with the nephrotic syndrome have been reported in the past. The conclusions of these reports have not been uniform, probably because patients in different phases of the nephrotic syndrome were selected or because the patients were not observed over a sufficient length of time for study.
In the present study the clearance tests were, wherever possible, repeated in individual patients at intervals over several years, until the outcome of the case appeared established. The results were correlated with the patients' clinical course and with other laboratory studies such as the analysis of the urine, including the Addis count, and of the chemical composition of the blood serum.
CLINICAL MATERIAL
A total of 45 patients were studied. Thirty-three of these children were seen at the Children's Hospital of Buffalo and 12 at the Children's Hospital of Philadelphia.
Forty-three patients had, at some time in their course, the nephrotic syndrome defined as edema, massive albuminuria, hypoalbuminemia, and hypercholesterolemia.
The remaining two patients had laboratory signs of the nephrotic syndrome but no edema during one and three years, respectively, of observation. Glomerulonephritis was diagnosed when, in addition to the nephrotic syndrome, there was azotemia, considerable or persistent hematuria as determined by the Addis count, or persistent hypertension. Transient microscopic hematuria or transient elevation of the blood pressure during an intercurrent illness was not interpreted in this manner. In some cases the diagnosis was changed from presumed "lipoid nephrosis" to "nephrotic syndrome with nephritis" or vice versa in the light of later findings; in three instances the diagnosis was changed as the result of post mortem findings.
Twenty-four patients between the ages of 8 months and 15 years had the nephrotic syndrome with glomerulonephritis. Fourteen of these patients are known to be dead at the time of this writing, five are known to have active disease and the outcome of the remaining five is not known (three of these are alive). Nineteen of these 24 patients were followed for periods varying from one to ten years.
Twenty-one patients were diagnosed as having presumed "lipoid nephrosis" since they did not exhibit the signs mentioned above as indicative of glomerulonephritis. It must be admitted that some of the children in this group were not followed for sufficiently long periods to permit a final evaluation. Eleven of these patients apparently have recovered completely. Two still have albuminuria but are otherwise well. Three children died of complications and one of an unknown cause at home, and four children have been lost from observation.
METHODS
Glomerular filtration rate (GFR) was determined as mannitol clearance, in a few cases as inulin clearance, using the single injection technique.
The urea clearance was determined simultaneously with the glomerular filtration rate.
Effective renal plasma flow (RPF) was determined as clearance of sodium para-amino-hippurate at low plasma levels which were maintained by a continuous intravenous infusion; tubular excretory capacity for para-amino-hippurate (TmPAH) was calculated from the excretion of PAH at high plasma levels and the glomerular filtra- Tables I and II, and Appendixes B and C.
RESULTS
Various patterns in the clinical course were noted in the group of patients classified as having the nephrotic syndrome with nephritis. These patterns overlapped in individual patients.
I. Patients with rapidly progressive renal failure
Some patients had clinically only or predominantly "lipoid nephrosis" when seen early in their disease (Cases 1 to 8). In other patients in this group (Cases 9 to 13), who did not necessarily have a longer history of disease prior to study, glomerulonephritis was diagnosed initially, chiefly on the basis of a persistent hypertension or azotemia. Microscopic hematuria was present in all but one of these latter cases, but was not a striking feature in any.
The initial clearance test performed 3 days to 8 months (mean 2.9 months) after onset of symptoms already showed reduction of the GFR to 50 per cent or less of normal in Cases 4, 5, 7, 8; in others the filtration rate was initially within normal limits but showed a progressive, often rapid, decline on subsequent observations (see Figure 1 ). In all of these patients the filtration fraction (FF) was below normal while the RPF, except in the advanced stage of the disease, was normal or even slightly higher than average. One patient, S. S., had only one clearance test four months after onset of her disease, which revealed a normal GFR but low FF and a high TmPAH; this patient died of renal insufficiency a year later.
The TmPAH, when determined during the first three months of the disease, was normal even in the cases with a reduced GFR. In three cases having symptoms of 3 to 11 months' duration when first studied, the TmPAH was found to be reduced 8 For calculating the amount of PAH filtered at the glomerulus, the plasma level of PAH was multiplied by the average F.W. factor of 0.83 (9) II. Patients with a prolonged course of nephrotic syndrome with glomerulonephritis Nine patients were asymptomatic for periods of one up to seven years (Cases [14] [15] [16] [17] [18] [19] [20] [21] [22] . Seven of them began their disease with an episode of edema with or without hypertension and/or hematuria. During the latent period, persistent renal disease 706 in these patients was manifest only by laboratory tests (see Table I ). Two of these patients (R. T. and A. P.) never had symptoms referable to their kidney disease, and their disease was discovered only by means of a routine urinalysis. In two patients (J. E. and J. J.) the laboratory signs of renal disease also disappeared for periods up to several years.
In this group of nine patients, the renal clearances usually remained stationary for several years. It may be pointed out that a constant clearance value per unit of surface area in a child means that the functional capacity of these diseased kidneys increases in proportion to the child's growth.
The glomerular filtration rate in some of these patients (see Figure 2 ) remained in the lower range of normal, in one young child (A. P.) at a level slightly above 50 per cent of normal. One patient (M. C.) had for at least two years a GFR considerably above the normal range. Progressive decline of his GFR began during the sixth year of his illness simultaneously with the reappearance of very mild edema and arrest of growth. He died of hypertensive heart disease and renal insufficiency at the end of the eighth year of his illness.
Remarkable improvement with trebling of the GFR and TmPAH, after considerable reduction in the initial stage of the disease, occurred in patient J. J. Rapid recovery of greatly diminished functions was also noted in C. A. during the eighth month of her disease, and M. C. had a rise in his GFR from a low normal to a very high value, strangely enough immediately following mild scarlet fever, at a time when he was edema-free and had been so for several years. A low filtration fraction was not as constant in this group as in all cases of Group I, although all but one of these patients (J. E.) showed this feature at some time in their course. The patients in this group tended to have a TmPAH in the upper range of normal or even above normal sometime during the course of their disease, often after several years. This was unrelated to changes in the GFR. Only two patients, C. A. and J. J., had a transitory depression of this tubular function in the early stage of their disease, and in two patients (M. C. and A. P.) the TmPAH fell from high to low values during the terminal stage. Hypertension was absent or mild for many years in this group of patients. All but two are alive one to ten years after the initial observation.
Two patients were seen only in the terminal stage of chronic glomerulonephritis with little or no edema but with polyuria, isosthenuria, and marked persistent hypertension (Cases 23 and 24; T. M. and D. P.). These cases probably represent the endstage of the course described for the patients of Group II; both had a history of an asymptomatic, apparently quiescent disease for four and seven years, respectively, following an episode of nephrotic syndrome. In these two patients the GFR was greatly reduced (to 28 and 11 cc. per min. per 1.73 sq.m., respectively), but the deterioration of the tubular excretory capacity was even more striking (0 in D. P.), as has also been observed in terminal nephritis of adults (7, 8) . The effective renal plasma flow and, therefore, the filtration fraction could not be measured because of the low TmPAH which prevented complete clearance of PAH even at low plasma levels.
III. Patients with the nephrotic syndrome without evidence of glomerulonephritis, presumed "lipoid nephrosis" The significance of the clearance studies in the 21 patients classified as nephrotic syndrome without glomerulonephritis cannot be interpreted as definitely as those in other groups because in many of them only a single determination was made.
Nineteen of these 21 patients had normal or super-normal GFRs (Figure 3 ). Two children (S. M. and R. W.) with a low GFR died of peritonitis complicating the nephrotic syndrome one year after having been studied and at autopsy showed no evidence of glomerulonephritis on routine histologic examination. (Special stains were not made.) In R. W. the low GFR was observed immediately following acute pneumonia with peritonitis. In two other patients who originally had normal GFRs (M. G. and T. L.), the filtration rates were depressed during complications of the disease; massive edema occurred in one child and thrombosis of the inferior vena cava and left renal vein in the other. In the child with massive edema the GFR rose to a super-normal level with the disappearance of edema three months later.
The FF in this group of patients, in contrast to that in patients with evidence of glomerulonephritis, was usually normal or high. In three patients the FF was low during a complication of the disease.
The TmPAH was normal or increased in all but two patients (R. W. and T. L.). In these two cases the TmPAH was determined during the above-mentioned complications when the GFR also was reduced; in T. L. only one kidney was functioning at the time of the determination. DISCUSSION 
A. Interpretation of tests in diseased kidneys
In trying to interpret the results of clearance measurements, it must be remembered that what appears in the urine is the sum of the products of a multitude of individual nephrons. In the normal kidney these nephrons are of sufficient uniformity morphologically to justify the assumption that every one of them performs an approximately equal portion of the overall functions. However, this is probably not true for the kidney in the various forms of nephritis or nephrosis. Here atrophy and hypertrophy alternate in various nephrons and even in parts of the same nephron, and may be associated with alterations in anatomical patterns, the functional implications of which are unknown. Oliver (11) , upon finding hypertrophied tubules without attached glomeruli, has gone so far as to suggest the possibility that such tubules may take over functions usually assigned to the glomeruli. Theoretical considerations emphasize the disproportion of functional alterations in disease: If among 100 normal nephrons one "impotent tubule" fails to reabsorb the filtered water and sodium, the total renal output of water and sodium will be doubled. But even a much larger number of dead tubules may not affect the clearance of PAH which can be effected by "vicarious clearance" or diffusion in interstitial fluid (12 The prognosis of children with nephrotic syndrome depends in a large measure on whether or not they have, or will develop, glomerulonephritis. Therefore, Table III (12) states that a glomerular lesion may best be revealed by a lowered GFR_ ratio. TmPAH This ratio was reduced below normal in the majority of the tests on patients with glomerulonephritis here reported (mean 1.295), except in the terminal stages when tubular insufficiency became prominent. However, this ratio was similarly reduced (mean 1.20) in the group of patients considered to have presumed lipoid nephrosis without glomerulonephritis. It must be remembered that anatomically demonstrable hypertrophy of tubular tissue is characteristic of nephrotic kidneys. High functional activity might correspond to this hypertrophy, and without proportional elevation of glomerular function this would also result in a lowering of the TGFRH ratio, in the absence of a glomerular lesion. Figure 4 and Table II 
FIG. 4. RATIO OF GFR TO TMPAH IN CASES OF THE NEPHROTIC SYNDROME WITHOUT EVIDENCE OF GLOMERU-LONEPHRITIS (GROUP III)
The diagonal line represents the mean normal value for older children (10) Figure 5 , which portrays data on the patients in Groups I and II, some of the points are in the same area as most of those in Figure 4 , while a larger group aggregate in the area which represents a low GFR with a normal or even low TmPAH. There is thus evidence of increased tubular function in many cases of the nephrotic syndrome. A similar condition is observed late in the remaining kidney after unilateral nephrectomy (13, 14) . Increased intrarenal pressure which might reasonably be expected in the edematous kidney may also reduce the GFR and so depress the ratio. It would seem unjustified, therefore, to use a lowered GFR ratio as an TmPAH argument to prove that all patients with nephrotic syndrome have glomerular disease.
In normal kidneys the TRPAH ratio may be accepted as a measure of perfusion of functioning parenchyma. For reasons discussed above, the significance of this ratio may be doubtful with diseased kidneys; low values particularly may hardly be interpreted with any assurance and high values may in some cases be due to "vicarious clearance," yet in other cases might indicate a relative hyperemia of the tissues excreting PAH. On inspection of Figures 6 and 7 it appears that in the patients of Group III (nephrotic syndrome without evidence of nephritis, Figure 6 ) the RPF ratio is TmPAH almost always within or below the normal range. By contrast, eight of the patients with glomerulonephritis associated with the nephrotic syndrome ( Figure 7 ) had episodes in the course of their disease when the ratio was very high. Such episodes were usually transitory and occurred mostly during the first year of the disease and in two pa-TM PAH, MG/MIN./I.73 SQ.M.
FIG. 5. RATIO OF GFR TO TMPAH IN CASES OF THE NEPHROTIC SYNDROME WITH GLOMERULONEPHRITIS (GROUPS I AND II)
Symbols as in Figure 4 . by other investigators (7, 8 Symbols as in Figure 1. F. Comparison of TmPAH with other tubular functions The TmPAH, which presumably measures a function of the proximal tubules, may be compared with other signs indicating tubular impairment, such as isosthenuria, polyuria, and acidosis, although-the mechanisms controlling acid excretion and water reabsorption against an osmotic gradient are considered to be localized in the distal tubules.
In Groups I and II there were 11 patients who at some time in their course had a TmPAH below 40 mg. per min. per 1.73 sq.m. In two of these patients (C. A. and J. J.), this was a transient phenomenon. Of the other nine, eight died within a year, the ninth developed renal osteopathy and acidosis within the year following the clearance study. In Group III, two patients had a similarly low TmPAH during serious complications of the disease. One of these two, T. L., had a TmPAH of 25.6 mg. per mmn. per 1.73 sq.m. at the time when one of his kidneys was necrotic due to renal vein thrombosis.
Studies were not specially designed to test osmotic capacity or acid-excreting mechanisms; but from chemical study of the blood and observations of urine output and specific gravity (see Table I ), it is evident that of ten patients with reduced TmPAH (not including the two patients in whom this occurred only transiently and the one with only one functioning kidney) four and probably a fifth had polyuria or polydipsia, four had isosthenuria or hyposthenuria, five and possibly a sixth had acidosis at the same time, and another one developed acidosis several months later. Taking into account the lack of precise information on these manifestations in many cases, it may be said that in general, reduction of the TmPAH seems to parallel evidence of distal tu- 
G. Fluctuation of clearance values
From the foregoing discussion and from Figures  1, 2, and 3 and Tables I and II, it is evident that in several patients the GFR and TmPAH and also the ratios between the different functions showed considerable fluctuations during the course of illness and that transitory depression of functional capacity might be followed by striking improvement within a short time. In some patients such episodes of transient depression of GFR and TmPAH were associated with a recent intercurrent infection or with particularly severe anasarca and ascites. Caution seems to be indicated in evaluating tests done during or within a few weeks following complications of the nephrotic syndrome. Only repeated studies over prolonged periods may reveal the trend.
H. Classification of patients
The division of this case material into three categories may appear artificial, and in individual cases the classification into a particular group may initially be incorrect or impossible. The purpose of using the latest status known in each patient as a basis for classification was the hope of finding common characteristics in each group which could be related to the final pathological picture. Such characteristics might then be useful in attempts at predicting the prognosis of individual cases.
Since the judicial use of modern antibiotics can prevent death from intercurrent infections, the prognosis of children with the nephrotic syndrome depends on the presence or absence and the rate of progression of inflammatory and hyalinizing glomerular lesions. After the disease has run its full course, it is usually possible to describe this course as following one of three patterns: 1) Relentless progression of glomerular, and eventually tubular, insufficiency with death within a few months or one to two years (Group I) ; or 2) lowgrade activity with long periods of latency and occasional exacerbations which may be compatible with normal growth and activity for several years and may occasionally last into adult life yet, in a high percentage of cases, will eventually result in death from renal insufficiency or hypertension 714 (Group Il); or 3) exacerbations and remissions of the nephrotic syndromiie for several months or years with complete recovery and without permanent impairment of renal functions (Group III) (16) . It would be of obvious advantage to the physician and the patient's parents to gain an indication of the probable future course early in the disease. From the studies here reported it appears that such indications may in many cases, though not in all, be obtained from a series of renal clearance tests, but not necessarily from a single test.
CONCLUSIONS
This series of 100 clearance tests in 45 children with the nephrotic syndromle permits the following conclusions: In spite of limitations in the interpretation of measurements taken in patients with diseased kidneys, it appears that common functional patterns may be distinguished in groups of patients with similar final outcome.
The glomerular filtration rate is frequently, though not uniformly, reduced in patients with the nephrotic syndrome who have, or will subsequently develop, evidence of glomerulonephritis. A rapidly progressive reduction in GFR is often the first indication of a rapidly fatal course. In patients who have a slow course with long periods of latent disease, the GFR and other functions may remain stationary, in proportion to the child's size, for several years, occasionally even at a supranormal level. Occasional fluctuations in this ftunction in both directions may be observed.
The filtration fraction is reduced nearly consistently in patients with glomerulonephritis.
In patients with the nephrotic syndrome who never develop evidence of glomerulonephritis, the GFR and FF are usually normal or above normal but may be depressed transiently, particularly during or immediately following complications such as infections.
The TmPAH also may be temporarily depressed during complications but is usually normal or above normal in all cases of the nephrotic syndrome, with or without nephritis. Only in the terminal stages of nephritis a reduction of this function occurs roughly parallel with evidence of disturbance of distal tubular functions such as polyuria, isosthenuria, and acidosis.
The ratio GFR is low in most patients with TmPAH the nephrotic syndrome. Although this fact may be interpreted as indicative of a primary glomerular lesion in all cases of this syndrome, another explanation is suggested for certain cases; this ratio might also be low if there is an increase in tubular capacity above normal without corresponding increase of the GFR, but without actual damage to the glomerulus.
RPF.
The ratio TmPAH is within or below the normal range in the majority of patients. However, eight of the patients with evidence of glomerulonephritis had transient episodes with a very high TRPFH ratio. It may be speculated that this high ratio indicates hyperemia and may be associated with inflammatory processes in the kidneys; however, the interpretation of this ratio in diseased kidneys is too uncertain to permit valid conclusions. The urea clearance varied between 22 and 87 per cent of the mannitol clearance. Even in the same patient and at comparable urine flows the ratio of urea clearance to GFR was so variable that the urea clearance cannot be evaluated as a measure of GFR in these patients. These studies were begun at a time when pyrogen-free inulin was not commercially available. Mannitol was, therefore, used for determination of the GFR and for the sake of consistency was kept in use after inulin was again available. Although, since 1947, it has been pointed out repeatedly (17, 18) that the ratio Cm/Cl is closer to 0.9 than 1.0, this deviation from the inulin clearance seems to be minimal with the method for mannitol determination which was used in the present study4 (12) . In five cases where both inulin and mannitol clearances were determined, the average CM/C! ratio was found to be 0.95 with a range from 0.85 to 1.02 (see Table IV ). Earle, Taggart, and Shannon (7), using the same mannitol method but a different inulin method, found an average CM/CI ratio of 0.96 in eight patients with glomerulone4This method involves yeasting of plasma and urine samples followed by periodate oxidation without the use of heat. 715 phritis. If the inulin clearance is accepted as a measure of the glomerular filtration rate, the mannitol clearance may also be considered to provide a close enough approximation of this measure for the purpose of evaluating the status of glomerular function in a patient. However, a falsely low figure for the GFR will result in calculation of a falsely high TmPAH; this error will be exaggerated if the TmPAH is low and the load of PAH high. Table IV shows that in most patients with the nephrotic syndrome the endogenous creatinine clearance is much higher than the inulin anid mannitol clearances ancd can therefore not be used as a measure of the (;FR. This has also been observed by others (5 (11, 12, 21) Ino definite extraction ratio may be assumed for a specific diseased kidney without being actually determined, although Cargill (22) t Obtained during clearance procedure. (23) in 1950 reported depression of the apparent extraction and clearance of PAH when the PAH was given with glucose solution. They demonstrated that this error is due to an in vitro conjugation of PAH with glucose before infusion, and to the fact that the conjugation product, which has a low clearance and, therefore, does not appear in the urine, dissociates under the influence of the acid used in the determination of the plasma level of PAH. Therefore, the plasma level determined will be total PAH while the urine contains only free PAH. These authors point out that the time during which PAH and glucose are in contact before being infused is an important factor in the formation of the conjugation product and thereby in the production of a false low clearance. In the tests here reported, the solution was always prepared immediately before use; the time from the preparation of the solution to the end of the infusion was never more than two hours, either for the clearance at low plasma levels or the determination of TmPAH. Discoloration of the solution was never noted. It is, therefore, believed that false depression of PAH clearance by this mechanism was rare and minimal.
(E) Calculation of surface area In edematous patients in whom calculation of the surface area from the weight would have given erroneously high values, the weight before the development of edema was used for the calculation whenever it could be ascertained; in other cases the lowest weight attained during the hospital stay was taken as the standard, neglecting normal development within a few weeks or months. The lowest weight in some cases still included edema fluid.
We were unable to estimate the extent of edema in order to obtain more reliable "dry weight" for the calculation of surface area. Table V shows the lack of equilibration of mannitol or PAH between the plasma and effusion fluid over a period of 65 to 80 minutes, after the time usually allotted for plasma equilibration. Thus "extracellular fluid space" could not be calculated from the distribution of these substances. On the other hand, one might argue that the "dry" weight (and the surface area calculated from it) in a malnourished or cachectic patient does not necessarily bear a relation to his kidney function, as a patient may lose fat, muscle tissue, and water without influencing his functioning kidney tissue. Therefore, the calculation of the surface area, and. of the kidney functions in relation to it, is not strictly accurate in many patients with severe renal disease; however, in no case was the error probably large enough to invalidate the interpretation of the functional data obtained (see "Remarks" in Appendixes B and C).
APPENDIX B
Remarks and clinical observations related to the data in Table I Case Duration 
